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Ischemia/reperfusion (l/R) results in tissue injury in a number of organs, including the heart, brain, kidney, and the 
gastrointestinal tract, with important implications for patient morbidity and mortality (1). Although several mechanisms have been 
proposed to explain the pathogenesis of l/R injury, most of the attention has focused on the role of reactive oxygen species 
(ROS): superoxide radical (0 2 *), hydroxyl radical (*OH), hydrogen peroxide (H 2 0 2 ) and inflammatory leukocytes (2). During 

ischemia, the interruption of blood supply and the lack of oxygen lead to anaerobic metabolism, with a loss of energy substrates 
and the accumulation of hypoxanthine within the ischemic cells. The depletion of energy substrates affects the membrane ionic 
ATPase pumps, tending to result in the accumulation of calcium, sodium and water in the cells, which in turn causes them to 
swell. Reperfusion stimulates the conversion of hypoxanthine and xanthine to uric acid and the excessive production of ROS. 
This can lead to lipid peroxidation (3) and protein oxidation of cell membranes (4). 

Inflammatory leukocytes, especially neutrophils, generate and release cytotoxic compounds, while adhering to vascular 
endothelium and infiltrating the tissue (5), An oxidative or respiratory burst in neutrophils during reperfusion results in the 
production of ROS. The extracellular release of cytotoxic products from neutrophils initiates lipid peroxidation and protein 
oxidation that cause tissue injury. 

Renal injury can also occur in neutrophil-independent pathways, as seen in neutropenic patients who develop acute renal failure, 
indicating that neutrophils are a factor, but not the only factor, that contributes to acute renal failure (6). 

Many studies have shown the protective effects of antioxidants in l/R injury in the heart, the liver, the intestine and the kidney, 
suggesting an important role of ROS in pathogenesis (7). Quercetin (3, 5, 7, 3'and 4'-pentahydroxy flavonol) is a powerful 
antioxidant with metal-ion, i.e. Fe and Cu, binding properties and radical scavenging abilities (8, 9). Prevention of Fe- and Cu- 
mediated hydroxyl radical formation, combined with a lower peroxide generating power, could make quercetin much more 
effective in protection against oxidative damage. It has also been reported that quercetin has anti-inflammatory, anti-ischemic and 
anti-peroxidative properties (10-12). 

This study was designed to identify the role of quercetin in l/R-induced oxidative stress in the kidney of rats. 



Methods 
Animals 



Sprague-Dawley rats weighing 200-250 g were supplied from The Center of Medical and Surgical Investigation of Osmangazi 
University, Eskis ^ehir. The rats were fed with a standard rat chow (Oguzlar Yem, Eskisehir, Turkey) and allowed to freely drink 
water. The experimental procedures were conducted after obtaining permission from local ethical committees. The rats were 
anesthetized with thiopental (50 mg/kg, intraperitoneal^) and placed on a temperature-regulated table (37°C ± 0.5°C) to maintain 
body temperature. The abdominal region was shaved with a safety razor and sterilized with povidone iodine solution. A midline 
incision was made and the right kidney was harvested. A non-traumatic vascular clamp was applied to the left renal pedicle. The 
control group (n=5) underwent identical surgical treatment, including isolation of the left renal pedicle; however, the pedicle 
occlusion was not performed. Ischemia was applied for 45 min to the l/R group (n=5) followed by 60 min of reperfusion. The rats 
in the l/R+Quercetin (l/R+Q) group (n=5) were pretreated intraperitoneally with a quercetin suspension (50 mg/kg) in physiological 
saline 60 min before the ischemia induction. The control group and the l/R group received a comparable volume of vehicle, 
physiological saline. At the end of each experimental procedure, the left kidneys were removed and kept frozen at -20°C until 
analysis. 



Biochemical assays 

The chemicals were purchased from Sigma Chemical Co (St Louis, MO). A portion of each left kidney was homogenized for all 
assays except myeloperoxidase (MPO) assay. Homogenization was performed in 1:10 (w/v) 0.1 M potassium phosphate buffer 
(pH=7.4) with an Ultra Turrax homogenizer (IKA T18 basic, Wilmington NC, USA). The homogenates were centrifuged at 5000 
rpm, +4°C for 1 0 min. The supernatants were removed and used for further analysis. For MPO assay, renal tissue was first 
homogenized in 1 :10 (w/v) 50 mM potassium phosphate buffer (pH=7.4). After centrifugation at 15000 rpm, + 4°C for 10 min, the 
pellet was re-homogenized in an equal volume of 50 mM potassium phosphate buffer (pH=6.0) containing 0.5% hexadecyl- 
trimethylammonium 

bromide (HETAB) and 10 mM ethylenediaminetetraacetic acid (EDTA). This homogenate was subjected to MPO assay. 
Thiobarbituric acid reactive substances (TBARS) levels were measured by the modified method of Ohkawa et al (13). Protein 
carbonyl contents were determined using a colorimetric assay measuring the protein carbonyl content after the reaction of the 
tissue homogenates supernatant with dinitrophenil hydrazine, as described by Levine et al (14). Tumor necrosis factor alpha 
(TNF-*) levels were determined using a commercially available mouse ELISA kit (MedSystems Diagnostics GmbH, Vienna, 
Austria). Reduced glutathione (GSH) levels and catalase (CAT) (H 2 0 2 :H 2 0 oxidoreductase, E.C.1 .11.1.6) activities were 
measured by Beutler's methods (15, 16). Superoxide dismutase (SOD) (E.C.1. 15. 1.1) activities were determined by the method of 
Winterbourn et al (17). MPO activities were measured in the homogenate according to Suzuki et al (18). Protein levels were 
determined by the Biuret Method. Results are expressed as nmol/mg protein for TBARS levels, protein carbonyl contents and 
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GSH, as pmol/mg protein for TNF-* 

levels, and as U/mg protein for SOD, CAT and MPO activities. 



Statistical analysis 

Results are expressed as means ± standard error of mean. For statistical analysis, the non-parametrical Mann-Whitney U was 
used. A p-value of less than 0.05 was considered significant. 



Results 

As in Figures 1 , 2, 3 and 4, TBARS levels as an index of lipid peroxidation, protein carbonyl content as an index of protein 
oxidation, TNF-* levels as critical early mediators of organ injury and MPO activity as an index of infiltration of neutrophils in the 
renal tissue were significantly higher in the l/R group than those of the control group (p<0.05, p<0.01, p<0.01 and p<0.01, 
respectively). However, in the l/R+Q group TBARS, protein carbonyl content, TNF-* levels and MPO activity were significantly 
lower than in the I/R group (p<0. 05, p<0.05, p<0.01 and p<0.01 , respectively). In addition, pretreatment with quercetin significantly 
decreased the renal TNF-* levels and MPO activities in the l/R+Q group when compared to the control group (p<0.01). GSH 
levels, CAT, and SOD activities significantly decreased in the l/R group when compared to the control group (p<0.01 , p<0.05, 
p<0.05, respectively). Quercetin treatment increased GSH levels and these enzyme activities in comparison with the l/R group 
(p<0.05, p<0.01 and p<0.05, respectively) (Figs. 5-7). 



TBARS LEVELS 




Fig. 1 - Renal tissue TBARS levels in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R rats 

pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.05 vs. control group 
** p<0.05 vs. l/R group. 
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Control 



Fig. 2 - Renal tissue protein carbonyl content levels in control rats, in rats after 45 min ischemia and 60 min reperfusion 

(l/R) and in l/R rats pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.01 vs. control group 
** p<0.05 vs. l/R group. 
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Fig. 3 - Renal tissue TNF-* levels in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R rats 

pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.01 vs. control group 
** p<0.01 vs. l/R group. 
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MPO ACTIVITIES 





Control 



l/R 




Fig. 4 - Renal tissue MPO activities in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R 

rats pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.01 vs. control group 
** p<0.01 vs. l/R group. 
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Fig. 5 - Renal tissue GSH levels in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R rats 

pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.01 vs. control group 
** p<0.05 vs. l/R group. 



http://64.233. 161 J04/search?q=cache:ghPGC5^ 7/22/05 



JN 2003; Vol.46 N°2: 219-224 



Page 8 of 1 1 




CAT ACTIVITIES 



l/R 




Fig. 6 - Renal tissue CAT activities in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R 

rats pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.05 vs. control group 
** p<0.01 vs. l/R group. 
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| SOD ACTIVITIES Q 




Fig. 7 - Renal tissue SOD activities in control rats, in rats after 45 min ischemia and 60 min reperfusion (l/R) and in l/R 

rats pretreated with quercetin (50 mg/kg) (l/R+Q). 
* p<0.05 vs. control group 
** p<0.05 vs. l/R group. 



Discussion 

Our data demonstrated that quercetin plays an important role in the attenuation of l/R-induced renal injury by decreasing TBARS, 
protein carbonyl, TNF-* levels and MPO activities and by increasing GSH, SOD and CAT activities. 

The hypoxanthine oxidation that arises from the degradation of adenosine triphosphate to xanthine and uric acid is catalyzed by 
the enzyme xanthine oxidase during the ischemia followed by reperfusion. 0 2 * ensues from this reaction as a by-product. 0 2 * 
and H 2 0 2 are converted to *OH via the Fenton and Haber-Weis reactions. *OH initiates lipid peroxidation and protein oxidation of 
the cell membranes. In addition, the oxidative burst results in the production of ROS. TNF-* is a critical early mediator of organ 
injury. Donnahoo et al (19) have shown that l/R induced renal TNF expression. 

Quercetin is a scavenger of 0 2 * and *OH (9, 20, 21). This flavonoid was shown to be effective in attenuating the expression of 

inflammatory chemokines in rat kidneys subjected to l/R (22, 23). In addition, it has also been reported that quercetin inhibits 
xanthine oxidase activity (24, 25). 

This study demonstrated the increasing levels of TBARS, protein carbonyl and TNF-* in the l/R group. Quercetin treatment 
significantly decreased levels of TBARS, protein carbonyl and TNF-* when compared to the l/R group. In addition, quercetin 
increased GSH levels when compared to the l/R group. In a previous study, we reported that quercetin treatment decreased 
malondialdehyde levels in the liver and skin of rats exposed to UVA light, which can induce the production of ROS, and that it 
increased GSH levels (9, 26). 

Superoxide radicals formed by l/R injury are converted into H 2 0 2 , either spontaneously (in pH 4.8) or by dismutation with the SOD 
enzyme (especially, in neutral and alkaline pH). H 2 0 2 is then converted to H 2 0 by either CAT or glutathione peroxidase. It has 
been reported that SOD activity was reduced after l/R injury (27, 28). Dobashi et al (27) also demonstrated mRNA levels of CAT 
significantly decreased after l/R. In our study SOD and CAT activities were found to be significantly decreased in the l/R group 
when compared to the control group. The decrease in renal SOD and CAT activities is probably the result of the inactivation by 
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ROS produced by l/R. Quercetin treatment increased levels of these enzymes in comparison with the l/R group. The increase in 
the SOD and CAT activities is possibly due to the scavenging of ROS, i.e. 0 2 * and *OH by quercetin (1 1 , 20). 

Circulating neutrophils play a critical role in the pathogenesis of tissue injury provoked by l/R. Neutrophils can contribute to l/R 
injury by various mechanisms, i.e. production of ROS or proteases and lipid mediators, leukotrienes and platelet-activating factors 
that affect vascular tone and permeability, exacerbating tissue ischemia (29). TNF-* stimulates neutrophils to produce 0 2 * and 
H 2 0 2 and other toxic metabolites. These ROS released by activated neutrophils and endothelial cells have been implicated in l/R 

injury induced by neutrophil accumulation. In addition, Ysebaert et al suggested that MPO activity in the early post-ischemia 
period probably reflects not only neutrophils but also the other adhering inflammatory cells such as monocytes/macrophages (30) 
We measured MPO activity as a marker of inflammatory cell activation. Some authors reported that the exposure of renal tissue to 
l/R caused a significant increase in MPO activity (30, 31). According to our results, quercetin, which has anti-inflammatory 
properties, prevented the increase in MPO activity and, therefore, protected renal tissue from the deleterious effects of activated 
inflammatory cells. These results agree with other reports explaining the anti-inflammatory activity of quercetin (32). 
Finally, these results indicate that the renoprotective effects of quercetin in the renal injury induced by l/R could be related to its 
antioxidant properties, which reduce the lipid peroxidation and protein carbonyl compounds, and increase GSH levels, SOD 
activity, CAT activity, and anti-inflammatory properties. Therefore, quercetin can have a role in therapeutic regimens that are both 
immunosuppressive and renoprotective. 



Address for correspondence: Ahmet Kahraman, Ph.D. - Department of Biochemistry, The School of Medicine Kocatepe 
University Afyon-03200, Turkey ahmetkah@aku.edu.tr 
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